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TiBLE  I 


Rftstilts  of  Rocni  Ten^rattr*  Tensile  Tests 


(a) 


on  BexylUtoi  Vlire 


(b) 


Test 

Htnber 

Threshold^ 

Held 

Strength 
ksi_  _ 

0.2;^  offset 

Yield 

Strength 

ksi 

Tensile 

Strength 

ksi 

1 

144 

166 

177 

2 

13^ 

166 

179 

3 

144 

168 

178 

(a)  Test  eondnoted  in  aeeordsnee  vith  ASTM  specif ieations* 

(b)  As-dravn  condition. 

(o)  Corresponds  to  0.05^  offset. 


K 

B*  Ther«  hare  b«en  a  largtt  nnaber  of  persistont  inqtilrles 
on  R0C0I07  270.  Several  pressure  vessel^  missile  motor  ease,  aircraft 
eonponentf  and  fastner  manufacturers  bad  asked  for  saaqples  or  sources 
for  this  material  in  order  to  initiate  various  application  research 
programs.  Samples  sent  to  Mellon  Institute  from  experimental  heats 
made  by  Vanadium  Alloys  Steel  Company  for  one  of  its  eustoners  have 
been  evaluated.  This  particular  composition  vas  modified  to  achieve 
Charpy  V.notch  iapact  strength  minimus  of  15  ft.  lbs.  at  300»000  psi 
mlnimom  ultimate  tensile  strength.  This  requirement  has  been  fulfilled 
as  indicated  in  Table  II. 

C«  Tensile  tests  on  center  not  chad  specimens  of  and 
Rocoloy  270  have  been  conducted  using  several  staining  media  and  air  to 
mark  slow  crack  growth.  Results  shown  in  Table  IH  and  Figure  2  d»fim 
nitely  show  that  there  can  be  significant  interaction  between  the 
cracked  surface  and  the  staining  media.  Such  interaction  seem  to  affect 
the  results  and  validity  of  this  test  when  used  for  collaring  slow* 
crack  growth  in  various  engineering  materials. 

Work  on  Phases  D,  S,  F  and  G  has  been  brou^t  to  a  satis* 
factory  conclusion  in  view  of  contract  termination* 

H.  Stress-corrosion  sTaluation  studios  on  MU!  and  Rocoloy 
270  are  continuing.  No  spseimsn  failurs  has  oceurred  during  the  current 
reporting  period. 


TABLE  n 


Mechanical  Prppertles^^^  of  Rocoloy  2?0 
(produced  by  Vanadim  Alloy  Steel  Company) 


Test 

Nuaiber 

0.25(  offset 
Yield 
Strength 
ksi 

Ultimate 

Tensile 

Strength 

ksi 

Fracture 

Strength 

ksi 

Bardness 

RC 

Elongation 
Per  cent 
in  1  in. 

1 

257 

302 

3^7 

53.0 

12.0 

2 

254 

304 

356 

53.0 

10.0 

3 

254 

302 

340 

53.0 

11.0 

(a)  Austenitized  at  1730  F  for  25  niTmteSf  quenched  in  oil  and  triple 
tenq^ered  at  600  F. 


Charpy  T«noteh  room  ten^rature  impact  strength  15  to  18  ft.  lbs. 
(450  F  temper). 
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TABiE  nr 

Effect  of  Staining  Media  and  Air 
(a) 

on  the  Notch  ^  Strength  of  Tvo  Steels 


Average  Net  Section  Stresa^^^.  kst 


Substance 

22-2 

Rocolcnr  270 

India  Ink 

100 

59.7 

Ittiia  Ink^«^ 

Na2Cr207  •  2S2O 

88 

^5.1 

Salt  Water^d^ 

108 

h3.8 

Dye  Penetrant^®^ 

122 

7^v,0 

Laboratory  Air^^^ 

m 

65.0 

(a)  Specinens  confom  to  ASTM  specification  for  pin  loaded  center  notch 
test  pieces. 

_  load  at  failure  t  *  thicloiess 

0  net  “  t  (W  -  2&q)  V  s  width 

Za^  s  original  notch  size 

(e)  1  gm*  Na;^r2(>7  •  2H2O  in  5  >!•  India  Ink* 

(d)  5  per  cent  by  weight. 

(e)  Tradename  SPOTCHSCE,  nade  bj  MagnafltK  Corporation* 

(f)  Tenperattre  80  F  R.H,  *»  80^ 
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Studies  directed  toward  determining  the  effect  of  surface 
decarburization  on  several  lov.alla7  ultra-high  strength  steels  loaded 
to  produce  rarioos  basic  stress  conditions  are  nearing  completion. 
Results  obtained  to  date  may  be  summarized  as  foUowst 

Uniaxial  Tensile  Los.ding  -  Surface  decarburization  has  been 
found  to  reduce  the  tensile  and  yield  strengths  of  all  steels  tested. 
Eovever,  decarburization  beyond  a  certain  depth  did  not  produce  uni¬ 
form  incremental  strength  reduction.  It  is  also  observed  that  surface 
decarburization  has  little  or  no  effect  on  ductility  of  the  test  speci¬ 
men.  Data  of  these  studies  are  presented  in  Table  17. 

Imact  Loading  -  lu^jact  tests  using  Charpy  V-notched  speci¬ 
mens  were  conducted  to  investigate  the  notch-blunting  effect  of  decar¬ 
burization.  Data  of  these  tests  are  given  in  Table  V  which  indicate 
that  the  effect  of  surface  carbon  reduction  up  to  a  certain  level  is  to 
increase  the  energy  absorbed  or  increase  the  effective  radius  at  the 
root  of  the  notch.  Beyond  this  level  of  decarburization  the  energy  ab¬ 
sorbed  seems  to  decrease. 

Plastic  Deformation  without  Fracture  .  These  studies  were 
conducted  by  bending  strips  (4"  x  3/8*  x  0,050")  into  a  U-shape  and 
then  removing  them  from  the  bending  press  to  observe  the  extent  of 
spring-back.  Significance  of  these  tests  to  the  metal  forming  indus¬ 
try  hardly  needs  any  explanation. 
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TJI3LE  T 


The  Effect  of  Surface  Decarburiaation  on  Charpy  Ir^jaet  Energy 


rateriai^^^ 

Decarb, 

Depth^^^ 

Ener^ 

itbsorbsd 

.  in,__ 

ft,,  lbs. 

300-K 

0.000 

n.o 

0.012 

15.5 

0.018 

12.3 

8-270 

0.000 

12.0 

0.012 

14.3 

0.018 

130 

(a)  Ksat  treated  aecerding  to  the  prograa  giren  with  Table  TV, 


(b)  t'epth  detenained  from  control  saz^lee 


12. 


As  shown  in  Fignre  3t  inereaaad'  aaunnt  oi  deearbnrlzation 
reduces  the  spring-back.  Decarbnriaation  did  not  seen  to  produce  any 
undesirable  surface  conditions  such  as  orange-peel,  strain  lines  on 
the  bent  specimen  surface. 

Stress-Corrosion  -  The  effect  of  surface  decarburization  on 
stress-corrosion  is  being  studied  on  three  ultra-high  strength  steels 
heat  treated  to  Tarious  strength  lerels.  U-bend  specimens  were  pre¬ 
pared  and  exposed  in  a  one  molar  solution  of  sodlua  chloride.  Speci¬ 
men  failure  data  indicate  that  surface  decarburization  tends  to  pre- 
Tent  stress-corrosion  attack.  Specimens  of  all  three  steels  without 
any  decarburization  have  failed. 

Tensile  Loading  of  Center  Notched  Soeoimens  .  Center  notch 
3  in.  wide  sheet  specimens  vere  prepared,  heat  treated  in  a  manner  to 
prevent  ary  decarburization  in  the  notch  root,  and  were  tested  at 
three  levels  of  surface  decarburization,  Jesuits  given  in  Table  TL 
show  a  definite  laprovement  in  fracture  toughness  and  per  cent  shear 
fracture  commensurate  with  Increased  depth  of  decarburization. 

The  effects  of  decarburization  on  fatigue  and  biacdal  strength 
of  these  steels  are  also  being  investigated* 


rignre  3 


Photograph  of  saaples  of  300-M  showing  the  affect 
of  stirface  decarbcrisation  on  spring-back  after 
defamation.  The  front  sanpla  has  0,012  in,  surface 
dacarburization  and  the  rear  saaple  has  no  surface 
decarburization,  3oth  saaples  haTe  the  saae  core 
hardness  of  5^  The  surface  decarburized  saaple 
has  a  surface  hardness  of  51  Hq. 


TABLE  VI 


Effect  of  Surface  Decarburixation^^^  on  the  Fracture 
Tonghness^^^  and  Fracture  Appearance  of  Lov  Alley  Steels 


Decaib 

Depth 

Go 

C^t 

Per  cent 

Material 

in._ 

,ij£Si 

ksi_ 

Shear 

Rocolojr 

270 

0.000 

127 

67.5 

14 

0.012 

197 

87.2 

22 

0.018 

476 

135.0 

30 

300-K 

0.000 

233 

96,0 

30 

0.012 

539 

144.0 

65 

0.018 

808 

176,0 

65 

AISI  4340 

0.000 

682 

173.0 

100 

0,012 

816 

191.0 

100 

0.018 

773 

183.0 

100 

(a)  Surface  decarburlzatlon  depth  deterained  using  metallograi^e  and 
olcrohardness  tester. 

(b)  Visual  examination  rerealed  no  decarburization  at  the  root  of  the 
notch. 
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Tills  program  cones  to  a  conclusion  on  Septenber  30.  Hence, 
no  further  experimental  work  has  been  planned  for  the  next  reporting 
period,  A  final  repoirt  will  be  issued  in  October, 

Respectfully  submitted, 

G,  K,  Bhat 
Project  Leader 


Approved: 


H,  L,  Anthony  III  j 
Director  of  Research/ 
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